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(57) ABSTRACT 
An apparatus comprising a memory and a processor coupled 
to the memory, wherein the processor is configured to receive 
holding instructions for an aircraft, wherein the holding 
instructions comprise a holding fix, a holding direction, and 
an inbound leg course, obtain an airspeed for the aircraft, 
obtain a wind speed and a wind direction affecting the air 
craft, calculate a holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direction, an 
inbound leg duration, and the airspeed, obtain Federal Avia 
tion Administration (FAA) protected airspace limits associ 
ated with the holding fix, and present the holding pattern and 
the FAA protected airspace limits to a flight crew member on 
the aircraft. 
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AERONAUTICAL, HOLDING PATTERN 
CALCULATION FOR SOLVING HGH WIND 

AND PROTECTED ARSPACE ISSUES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation-in-part of 
U.S. patent application Ser. No. 13/794,723 filed Mar. 11, 
2013 by Bruce Wilder et al. and entitled “Aeronautical Hold 
ing Pattern Calculation for Solving High Wind and Protected 
Airspace Issues, which is incorporated herein by reference 
as if reproduced in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

REFERENCE TO AMICROFICHEAPPENDIX 

0003) Not applicable. 

BACKGROUND 

0004. The present disclosure relates to using electronic 
devices for improved calculations of Federal Aviation 
Administration (FAA) published or FAA Air Traffic Control 
assigned aeronautical holding patterns. There have been pre 
vious efforts to determine holding patterns for aircraft. For 
example, U.S. Pat. No.3,110,965, issued on Nov. 19, 1963, to 
James A. Kittock, discloses a device to aid pilots in entering 
and maintaining a holding pattern from a preset holding fix. It 
is not a method using an electronic device, but is an entry 
calculator (for tear drop, parallel and direct entries), and has 
no wind corrections. 
0005 U.S. Pat. No. 4,182,171, issued on Jan. 8, 1980, to 
Ivan L. Looker, discloses an aircraft navigation device that 
aids a pilot in flying holding patterns. Although it includes 
very high frequency omnidirectional range (VOR) radio 
receivers, it is not a method using an electronic device, does 
not calculate a heading, and does not calculate wind correc 
tions. 
0006 U.S. Pat. No. 4,274,204, issued on Jun. 23, 1981, to 
Freddy R. Self, discloses an aircraft pattern computer, that is 
a mechanical device, rather than a method using an electronic 
device, and is primarily a traffic pattern calculator, not a 
holding pattern calculator, and does not calculate outbound 
heading or wind corrections. 
0007 U.S. Pat. No. 6,167,627, issued on Jan. 2, 2001, to 
Bruce Gary Wilder and Otto Charles Wilke, discloses an 
aeronautical holding pattern calculator, having both mechani 
cal and electronic embodiments. 
0008 U.S. Pat. No. 6,678,587, issued on Jan. 13, 2004, to 
Ronald J. Miller, discloses a system for a tanker plane enter 
ing a rendezvous orbit with a plane to be refueled, that 
includes entering a holding pattern. It is designed for military 
operations, and for airspace that is designed specifically for 
an air refueling mission, not for civilian holding patterns. 
0009 U.S. Pat. No. 6,847.866, issued on Jan. 25, 2005, to 
Chad E. Gaier, discloses shortened aircraft holding patterns 
using a flight management system (FMS). It is for exiting a 
hold, not staying in the hold, and it does not indicate whether 
you are within the limits of FAA protected airspace. 
0010 U.S. Pat. No. 7,003,383, issued on Feb. 21, 2006, to 
Jim R. Rumbo et al., discloses a flight management system 
using holding pattern entry algorithms. Its algorithms are 
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specifically for hold entries (teardrop, parallel and direct) and 
it does not account for FAA holding space parameters. 
0011 U.S. Pat. No. 7,152,332, issued on Dec. 26, 2006, to 
Ashish Kumar Jain and Gerald Lamar Miley, discloses a 
navigational assist system for determining entry procedures 
for holding and runway traffic patterns. It is a simplistic 
mechanical device, rather than a method using an electronic 
device that calculates outbound headings and wind correc 
tions, and depicts holding space limits. 
0012 U.S. Pat. No. 7,370,790, issued on May 13, 2008, to 
Jan Martincik and Jana Martincikova, discloses an apparatus 
for visualizing and determining a holding pattern and entry 
procedure. It is a mechanical device, rather than a method 
using an electronic device. It is a visual aid to identify the 
quadrant the plane is flying in for teardrop, parallel and direct 
holding pattern entries. It neither corrects for wind nor pro 
vides information on an outbound heading or airspace. 
0013 U.S. Pat. No. 7,903,000, issued on Mar. 8, 2011, to 
Jason L. Hammacket al., discloses a system for representing 
a holding pattern on a vertical situation display. It does not 
show a wind compensated holding patternand FAA protected 
airspace. 
0014 U.S. Pat. No. Des. 377.942, issued on Feb. 11, 1997, 
to John K. McCloy, discloses a design for a multi-layer rotary 
holding pattern entry calculator. Again, it is a mechanical 
device, rather than a method for using an electronic device. It 
is for entry information only, not the hold itself. It does no 
wind or heading calculations. 
(0015 U.S. Patent Application Publication No. 2009/ 
0319100, issued on Dec. 24, 2009, to Nitin Anand Kale and 
Keshav Rao, discloses systems and methods for defining and 
rendering a trajectory of an aircraft. It may be used for holding 
patterns. It may re-label away point as a holding way point. It 
does not calculate holding patterns to stay within depicted 
FAA holding airspace. 
(0016 Japanese Patent No. 7-104853, published on Apr. 
21, 1995, inventors Takashi Oki, Masahiro Hattori and 
Naoyuki Yamashita, discloses an automatically guided flight 
system for an airplane, capable of following an airplane in a 
turning course while holding a turning radius. It does not 
appear to be designed to calculate holding patterns. 

SUMMARY 

0017. In one embodiment, the disclosure includes an 
apparatus comprising a memory and a processor coupled to 
the memory, wherein the processor is configured to receive 
holding instructions for an aircraft, wherein the holding 
instructions comprise a holding fix, a holding direction, and 
an inbound leg course, obtain an airspeed for the aircraft, 
obtain a wind speed and a wind direction affecting the air 
craft, calculate a holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direction, an 
inbound leg duration, and the airspeed, obtain Federal Avia 
tion Administration (FAA) protected airspace limits associ 
ated with the holding fix, and present the holding pattern and 
the FAA protected airspace limits to a flight crew member on 
the aircraft. 
0018. In another embodiment, the disclosure includes a 
computer program product comprising computer executable 
instructions stored on a non-transitory computer readable 
medium that when executed by a processor causes a flight 
management system (FMS) to perform the following: receive 
holding instructions for an aircraft, wherein the holding 
instructions comprise a holding fix, a holding direction, and 
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an inbound leg course; obtain an airspeed for the aircraft; 
obtain a wind speed and a wind direction; calculate a holding 
pattern for the aircraft using the holding instructions, the wind 
speed, the wind direction, an inbound leg duration, and the 
airspeed; obtain protected airspace limits associated with the 
holding fix; determine whether the holding pattern is within 
the protected airspace limits, and notify a flight crew member 
the determination indicating whether the holding pattern is 
within the protected airspace limits. 
0019. In yet another embodiment, the disclosure includes 
an aircraft comprising an airframe, at least one engine 
attached to the airframe, an avionics system attached to the 
airframe, and an FMS attached to the airframe and in com 
munication with the avionics system, wherein the FMS 
receives holding instructions for an aircraft, wherein the hold 
ing instructions comprise a holding fix, a holding direction, 
and an inbound leg course, obtains an airspeed for the aircraft 
from the avionics system, obtains a wind speed and a wind 
direction affecting the aircraft, calculates a holding pattern 
for the aircraft using the holding instructions, the wind speed, 
the wind direction, an inbound leg duration, and the airspeed, 
obtains FAA protected airspace limits associated with the 
holding fix, and displays the holding pattern and the FAA 
protected airspace limits to a flight crew member on the 
aircraft through either the FMS or the avionics system. 
0020. These and other features will be more clearly under 
stood from the following detailed description taken in con 
junction with the accompanying drawings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 For a more complete understanding of this disclo 
sure, reference is now made to the following brief description, 
taken in connection with the accompanying drawings and 
detailed description, wherein like reference numerals repre 
sent like parts. 
0022 FIG. 1 is graphical representation of a holding pat 
tern using an embodiment disclosed herein. 
0023 FIG. 2 is graphical representation of a warning 
regarding flight speed given by an embodiment disclosed 
herein. 
0024 FIG. 3 is a graphical representation of a warning 
regarding wind speed given by an embodiment disclosed 
herein. 
0025 FIG. 4 is a graphical representation of a first right 
hand holding pattern generated using an embodiment dis 
closed herein. 
0026 FIG.5 is a graphical representation of a second right 
hand holding pattern generated using an embodiment dis 
closed herein. 
0027 FIG. 6 is a graphical representation of a third right 
hand holding pattern generated using an embodiment dis 
closed herein. 
0028 FIG. 7 is a graphical representation of a first left 
hand holding pattern generated using an embodiment dis 
closed herein. 
0029 FIG. 8 is a graphical representation of a second left 
hand holding pattern generated using an embodiment dis 
closed herein. 
0030 FIG. 9 is a graphical representation of a third left 
hand holding pattern generated using an embodiment dis 
closed herein. 
0031 FIG. 10 is a graphical representation of a first figure 
eight holding pattern generated using an embodiment dis 
closed herein. 
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0032 FIG. 11 is a graphical representation of a second 
figure eight holding pattern generated using an embodiment 
disclosed herein. 
0033 FIG. 12 is a graphical representation of a third figure 
eight holding pattern generated using an embodiment dis 
closed herein. 
0034 FIG. 13 is a graphical representation of a fourth 
figure eight holding pattern generated using an embodiment 
disclosed herein. 
0035 FIG. 14 is a graphical representation of a fifth figure 
eight holding pattern generated using an embodiment dis 
closed herein. 
0036 FIG. 15 is a graphical representation of a sixth figure 
eight holding pattern generated using an embodiment dis 
closed herein. 
0037 FIG.16 is a first flow chart showing how an embodi 
ment disclosed herein may be implemented using a computer 
program. 
0038 FIG. 17 is a second flow chart showing how an 
embodiment disclosed herein may be implemented using a 
computer program. 
0039 FIG. 18 is a third flow chart showing how an 
embodiment disclosed herein may be implemented using a 
computer program. 
0040 FIG. 19 is a fourth flow chart showing how an 
embodiment disclosed herein may be implemented using a 
computer program. 
0041 FIG.20 is a fifth flow chart showing how an embodi 
ment disclosed herein may be implemented using a computer 
program. 
0042 FIG. 21 is a sixth flow chart showing how an 
embodiment disclosed herein may be implemented using a 
computer program. 
0043 FIG. 22 is a seventh flow chart showing how an 
embodiment disclosed herein may be implemented using a 
computer program. 
0044 FIG. 23 is an eighth flow chart showing how an 
embodiment disclosed herein may be implemented using a 
computer program. 
0045 FIG. 24 is a graphical representation of an embodi 
ment of a computer system. 

DETAILED DESCRIPTION 

0046. It should be understood at the outset that, although 
an illustrative implementation of one or more embodiments 
are provided below, the disclosed systems and/or methods 
may be implemented using any number of techniques, 
whether currently known or in existence. The disclosure 
should in no way be limited to the illustrative implementa 
tions, drawings, and techniques illustrated below, including 
the exemplary designs and implementations illustrated and 
described herein, but may be modified within the scope of the 
appended claims along with their full scope of equivalents. 
0047 Disclosed herein are systems, methods, appara 
tuses, and computer program products for improved calcula 
tions of aeronautical holding patterns while staying within 
FAA protected airspace. The present disclosure may employ 
a calculator as (or with) a stand-alone electronic device or link 
it to a Smart phone, iPad, tablet or laptop computer, flight 
management system (FMS) or any other digital electronic 
media used in aircraft or unmanned aerial vehicle (UAV) 
navigation or flight planning. 
0048 Navigational way points such as global positioning 
system (GPS) waypoints, named fixes, user defined way 
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points, very high frequency omnidirectional range (VOR), 
VOR/distance measuring equipment (DME), tactical air 
navigation (TACAN), non-directional radio beacon (NDB), 
NDB/VOR, intersecting VOR radials, VOR radials at DME 
distances, and marker beacons may be defined using their 
latitude and longitude coordinates. The latitude and longitude 
that define the point for the turn inbound may be displayed as 
a bearing or distance along a radial, or both. 
0049. A bearing may be identified using VOR needles, 
horizontal situation indicator (HSI) needles, radio magnetic 
indicator (RMI) needles, automatic direction finder (ADF) 
needles, or FMS bearing pointers. Additionally, the FMS or 
flight calculator may automatically calculate the turning point 
inbound based on the mentioned navigation algorithms and 
procedures. It may then command a turn, based on the same 
algorithms, through the automatic flight control system 
(AFCS or autopilot) or flight director if flown manually, e.g. 
at the standard rate of 3 degrees of turn per second or as 
limited by the manufacturer, to remain in the protected air 
space and roll out on the correct inbound course. 
0050. A navigation aid (NAVAID) may be any visual or 
electronic device, airborne or on the surface, which provides 
point-to-point guidance information or position data to an 
aircraft (e.g. airplane, helicopter, etc.) in flight. NAVAIDs 
may send out radio signals that the aircraft's tuned receiver 
picks up. The signals may then be tracked using radials or 
bearings. A waypoint is a reference point in physical space 
used for navigation. It can be a VOR or GPS identified point. 
All have longitude and latitude identifiable positions along 
with a name. 
0051. An inbound leg course may be a straight-line path of 

flight, e.g., having an inbound leg duration of one to one and 
a half (1.5) minutes, that ends at a position called a holding fix 
(or just “fix”). As the aircraft passes over the holding fix, the 
pilot begins the outbound turn by banking the aircraft to a 
bank angle, e.g. the bank angle required to produce a standard 
rate turn. As the aircraft approaches a specified outbound 
heading, the pilot levels the aircraft and flies on that heading 
until the bearing back to the NAVAID is a specified value. He 
then banks the aircraft to the same bank angle as before, 
beginning the inbound turn and continues that turn until the 
aircraft reaches the start of the inbound leg. The pilot then 
levels the wings and uses a defined wind corrected heading to 
fly the inbound course to the fix and repeats the entire process, 
until given instructions to proceed from the hold. 
0052. The four posts of a holding pattern are the four 
positions at which changes in flight are made; they are the end 
of the inbound leg, the end of the outbound turn, the end of the 
outbound leg, and the beginning of the inbound leg. The 
holding fix may be the only identifiable post in timed holding. 
Timing of the outbound leg starts abeam the fix or when the 
wings are level after the turn, whichever comes later. Timing 
of the inbound leg starts with wings level. The end of the 
outbound leg may be identified using a bearing or distance 
measuring equipment (DME) distance along a radial. 
0053. The four posts of a holding pattern may be defined 
onto the depicted, wind corrected holding pattern selected. 
The actual holding space dimensions may be viewable in 
relation to the hold and non-protected airspace. FIG. 1 shows 
a holding pattern 10, with the four posts 12, 14, 16 (the 
holding fix) and 18, the inbound turn 32 between 12 and 14, 
the inbound leg 34 between 14 and 16, the outbound turn 36 
between 16 and 18, and the outbound leg 38 between 18 and 
12. 
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0054 The holding pattern may be drawn to the correct 
shape with regards to the prevailing winds (defined by wind 
direction and velocity). This shape may be represented within 
the protected holding pattern airspace. This pictorial display 
may also be used as an overlay to show the pilot actual 
representation of terrain associated with the hold. A moving 
target 22 representing the aircraft (shown in FIG. 1) may also 
be displayed showing the pilot the aircraft's position through 
out the hold. 

0055. The FAA has defined protected airspace for each 
holding fix. The protected airspace varies depending on many 
factors, but is larger than the holding pattern under no-wind 
conditions to allow the aircraft to modify the holding pattern 
to adjust to various wind conditions and still meet the speci 
fied duration and course on the inbound leg. Variable air 
speeds may be used with the wind calculations to maintain the 
aircraft within FAA protected airspace limits. Standard Fed 
eral Aviation Administration (FAA), International Civil Aero 
nautics Organization (ICAO), military holding airspeeds, and 
altitudes may be applied during the calculations of algo 
rithms. With a given bank angle, and starting from a maxi 
mum airspeed for a given altitude, three patterns may be 
displayed. The airspeed for the first pattern may indicate the 
maximum holding airspeed for that altitude. The second pat 
tern may indicate the maximum airspeed minus 15%, and the 
third pattern may indicate maximum airspeed minus 30%. 
The variable airspeed may solve the problem of wind speed to 
aircraft speed, being outside of a defined workable solution 
where the wind speeds are equal to 25% or more of the 
aircraft's speed. If the aircraft is flying too fast or the wind 
speeds are too great to remain within the protected holding 
airspace, a message may be generated to notify the pilot that 
the aircraft may not remain inside the protected airspace 
limits. In some embodiments, it may not be possible to fly a 
traditional racetrack style holding pattern and remain within 
the FAA protected airspace when wind speed exceeds about 
25% of the aircraft's airspeed. In Such cases, a figure-eight 
style holding pattern may be used, as discussed below. In 
Some embodiments, it may not be possible to fly a traditional 
figure eight style holding pattern and remain within the FAA 
protected airspace when wind speed exceeds about 83% of 
the aircraft's airspeed. 
0056 FIG. 2 shows a screen 24 on which a warning 
regarding flight speed 28 is displayed. A speaker 26 may also 
give an audible warning 26. FIG.3 shows a warningregarding 
wind speed 30. For aircraft utilizing an FMS, current infor 
mation may be taken from the aircraft's onboard computers 
and sensors (e.g. avionics systems) and applied to the air 
craft's current position. 
0057 The FAA has specified the extents and shapes of 
areas the aircraft must remain within to be within the holding 
space dimensions. These FAA protected airspace limits 
(sometimes referred to as envelopes) may vary with altitude 
and airspeed and are constructed using compasses and rulers. 
There are many Such envelopes. In an exemplary program, the 
shape of an envelope may be represented by two straight lines 
and two semi-circles. If an aircraft remains within the enve 
lope, it may also be inside the FAA envelope for that altitude 
and speed. If a aircraft is outside the FAA envelope, it is in 
non-protected airspace. 
0058. In an embodiment, an FMS on the aircraft may 
determine whether a holding pattern is within the FAA pro 
tected airspace limits. The system may notify a flight crew 
member to take corrective action when at least part of the 
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holding pattern is not within the FAA protected airspace 
limits. The corrective action may be any suitable action pre 
designed by the FAA or the system of the aircraft. For 
example, when at least part of the calculated holding pattern 
is not within the FAA protected airspace limits, the FMS may 
determine whether a different airspeed (e.g., an increased or 
decreased airspeed) will keep the holding pattern within the 
FAA protected airspace limits. 
0059. In an embodiment, when the different airspeed will 
indeed keep the holding pattern within the FAA protected 
airspace limits, the FMS may further recalculate the holding 
pattern for the aircraft using the holding instructions, the wind 
speed, the wind direction, the inbound leg duration, and the 
different airspeed. The recalculated holding pattern may be 
presented to the flight crew member. Then, the FMS may 
instruct the flight crew to change the airspeed to the different 
airspeed. 
0060. In some cases, there is not a suitable holding air 
speed between a minimum hold speed (e.g. the stall speed or 
Vs) for the aircraft and a maximum hold speed (e.g. the never 
exceed speed or V.) for the aircraft to keep the holding 
pattern (and hence the aircraft) within the FAA protected 
airspace limits. In this case, the FMS may change the holding 
pattern from a racetrack-style holding pattern to a figure eight 
holding pattern. Note that the racetrack-style holding pattern 
may resemble a racetrack in the sense that the pattern does not 
intersect itself, while the figure eight holding pattern 
resembles an Arabic number “8” in the sense that the pattern 
intersects itself. Then, the FMS may calculate the figure-eight 
holding pattern for the aircraft using the holding instructions, 
the wind speed, the wind direction, and the inbound leg dura 
tion. The FMS may further present the recalculated holding 
pattern to the flight crew member. 
0061 Maximum allowed holding pattern airspeeds may 
be as specified in Holding Pattern Criteria, paragraphs 2-8.a 
or 2-8.b, as applicable, pursuant to FAA Order 7130.3A, 
including all modifying FAA Memoranda, or its successor 
regulations. Use Table 1: Maximum Holding Airspeeds, page 
2-2, FAA Order 7130.3A, including all modifying FAA 
Memoranda, or its successor regulations, with the "airplane 
type' input (described below) to identify the maximum 
allowed holding pattern airspeed. Use Table 2: Holding Pat 
tern Selection Chart, pages 2-3 through 2-5, FAA Order 7130. 
3A, including all modifying FAA Memoranda, or its succes 
Sor regulations, with the maximum allowed holding pattern 
airspeed from Table 1 and the inputs for FIX-to-NAVAID 
distance and holding altitude to identify the FAA template to 
apply to the holding pattern. The full size of the holding 
pattern for holding patterns in a location and at an altitude as 
published by the FAA or as assigned by FAA Air Traffic 
Control, may be evaluated for obstacle clearance in accor 
dance with the FAA Order 7130.3A, including all modifying 
FAA Memoranda, paragraph 2-5, or its successor regulations. 
Left and right hand turns in holding patterns in FAA template 
tracing may be accounted for in accordance with FAA Order 
7130.3A, including all modifying FAA Memoranda, para 
graphs 2-30.a and 2-30.b, or its successor regulations. 
0062. The inbound leg may be defined by the holding 
instructions and the airspeed. The end of the inbound is the 
holding fix. The start of the inbound leg may be determined 
using the holding fix, the inbound leg course, the duration of 
the inbound leg (e.g. 1 or 1.5 minutes), and the airspeed. 
Specifically, the start of the inbound leg may be determined 
by multiplying the airspeed by the duration to get a distance, 
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and then projecting that distance down the reciprocal of the 
inbound leg course from the holding fix. For example, if the 
inbound course is 270 degrees, the hold time is one minute, 
and the airspeed is 180 knots, the start of the inbound leg will 
be 3 nautical miles (nm) east of the holding fix (180 knot 
(nm/hour)x1 minutex(1 hour/60 minutes)=3 nm, the recipro 
cal of 270 degrees is 090 degrees or due east). 
0063. The outbound turn may be determined by predicting 
the aircraft's flightpath when turning. Beginning at the end of 
the inbound leg (the fix) and triangulating once per second or 
at any other interval, the program may generate an entire 
360-degree turn using a selected rate of turn (e.g. a standard 
rate turn or steeper turn if needed) and airspeed. The gener 
ated curved path trajectory is generally spiral-shaped and 
may represent the predicted ground track of the aircraft as it 
turns 360 degrees in the air from the holding course, and 
includes the effect the wind has on the aircraft's groundtrack. 
The curve may be positioned Such that a point on the curve 
(e.g. the starting point of the curve) is located at the holding 
fix. Generally, the inbound course will be tangent to the curve 
when the curve is located at the holding fix. As discussed 
below, a portion of the curve will form the outbound turn of 
the holding pattern. 

0064. The inbound turn may be also be determined by 
predicting the aircraft's flight path when turning. Specifically, 
the curve generated for the outbound turn may be translated 
such that a point on the curve is located at the start of the 
inbound leg such that the inbound course is tangent to the 
curve. Alternatively, the program may generate a new 360 
degree turn using a selected rate of turn (e.g. a standard rate 
turn or steeper turn if needed) and airspeed. As with the 
outbound turn, the generated curved path trajectory may rep 
resent the predicted groundtrack of the aircraft as it turns 360 
degrees in the air, and includes the effect the wind has on the 
aircraft's groundtrack. In such a case, the new curve may be 
translated Such that a point on the curve is located at the start 
of the inbound leg such that the inbound course is tangent to 
the curve. As discussed below, a portion of either of these 
translated curves will form the inbound turn of the holding 
pattern. 

0065. The outbound leg determines how much of the two 
curves will form the outbound and inbound turns. Specifi 
cally, a search routine may be used to locate the two points at 
which a straight line is tangent to both curves, but is not 
coincident with the inbound leg. In some embodiments, out 
bound leg may be determined by finding a point on each curve 
where the slope of the tangent of each curve is equal in value 
and coincident. The straight line that is tangent to both curves 
is the outbound leg, which extends from the point where this 
tangent line intersects the outbound turn curve to the point 
where this tangent line intersects the inbound turn curve. 
Because positions and bearings are known for all points on 
both curves, the program reports the bearing at the start of the 
outbound leg and calculates the bearing back to the holding 
fix or NAVAID at the end of the outbound leg and that position 
is the start of the inbound turn. The unused portion of the 
outbound turn curve (e.g. the portion extending past the out 
bound leg) and the unused portion of the inbound turn curve 
(e.g. the portion up to the outbound leg) may not be flown or 
otherwise used, and hence may not be displayed to the flight 
crew. All of the above calculations may be performed and the 
resulting holding patternand FAA envelope may be displayed 
to the flight crew prior to arriving at the holding fix. 
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0066. When using triangulation to determine the path of 
an aircraft relative to the ground, the input values include 
bearing, altitude-corrected airspeed, wind speed, and wind 
bearing. In an embodiment, the term “spiral path’ may be 
defined as a curved path trajectory with a varying radius of 
curvature. The spiral path generated includes the effect of 
wind. In some embodiments, a spiral path may simply be a 
circular path translated overtime by the wind according to the 
wind speed and direction. Thus, the spiral path may have a 
radius that is relatively constant; however, spiral paths with 
continuously (or for the most part) increasing radius, e.g. 
turns made away from the wind, or continuously (or for the 
most part) decreasing radius, e.g. turns made into the wind, 
are not excluded. The FAA specifies maximum airspeeds for 
holding patterns. Those vary with the type of aircraft and with 
altitude. The FAA also limits bank angles. Holding patterns 
that are smaller are more likely to remain within protected 
space, with slower airspeeds and greater bank angles. The 
program allows the pilot to select a bank angle and produces 
patterns for several airspeeds equal to and less than the FAA 
maximum. The patterns may be displayed graphically on the 
computer screen with the appropriate FAA envelope. The 
pilot can then visually select a pattern that remains within the 
protected space. If none do, he can rerun the program using a 
greater bank angle. Alternatively, the FMS can merely pro 
vide the flight crew with an indication (e.g. a visual marker or 
indicia) that the FMS has determined that the holding pattern 
is within the FAA envelope. 
0067. Using a known formula and the specified altitude, 
altitude-corrected airspeeds are calculated from instrument 
indicated airspeeds. The altitude-corrected airspeeds are used 
in the triangulation process along with other inputs to gener 
ate the path of the aircraft relative to the ground. 
0068. The computer program may generate a plot for each 
of several airspeeds. Each graph shows the path of the aircraft 
and the FAA envelope. The pilot can see visually where the 
path of the aircraft exits the envelope. He then selects apattern 
that does not exit protected space and flies at that airspeed. 
0069. The electronic holding pattern calculator may use 
trigonometry, arrays, tables, or any other method to perform 
the above algorithm. However, the electronic holding pattern 
calculator may not be limited to solving the mathematical 
algorithms using these methods. AS technology advances and 
better digital electronic computing devices are developed, the 
holding pattern calculator may utilize any technology to cal 
culate a holding pattern in real time without the use of tables 
and arrays by using the increased computing power of Such 
devices. Some of these capabilities may include and not be 
limited to: real-time data inputs provided by the FMS instead 
of user prompted inputs, and automatically determining 
whether the hold needs to be one minute or one and half 
minutes inbound based on the current aircraft altitude. 

0070. It should be noted that the above approach to calcu 
lating the holding pattern is non-iterative as long as the wind 
information is accurate. In other words, the pilot does not 
have to recompute the holding pattern or make any adjust 
ments as long as the wind information is accurate. If the wind 
or any other information changes, the calculator or the FMS 
can receive the updated information and recompute the hold 
ing pattern using the updated information. 
0071. In an embodiment of the present disclosure, the pilot 
uses the FMS by inputting information to the computer and 
executing the program. He then selects one of the generated 
patterns to fly. The FMS may not be a navigation system in 
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itself. Rather, it may be a system that automates the tasks of 
managing the onboard navigation systems. The FMS may 
also perform other onboard management tasks. 
(0072. The FMS disclosed herein may be an interface 
between flight crews and flight-deck systems. The FMS can 
be thought of as a computer with a large database of airport 
and NAVAID locations and associated data, aircraft perfor 
mance data, airways, intersections, departure procedures 
(DPs), and standard terminal arrival routes (STARs). The 
FMS also has the ability to accept and store numerous user 
defined waypoints, flight routes consisting of departures, 
waypoints, arrivals, approaches, alternates, etc. The FMS can 
quickly define a desired route from the aircraft's current 
position to any point in the world, perform flight plan com 
putations, and display the total picture of the flight route to the 
CW. 

0073. The FMS also has the capability of controlling (se 
lecting) VOR, DME, and localizer (LOC) NAVAIDs, and then 
receiving navigational data from them. Inertial navigation 
system (INS), long range navigation (LORAN), and GPS 
navigational data may also be accepted by the FMS computer. 
The FMS may act as the input/output device for the onboard 
navigation systems, so that it becomes the 'go-between for 
the crew and the navigation systems. 
0074 At startup, the crew programs the aircraft location, 
departure runway, DP (if applicable), waypoints defining the 
route, approach procedure, approach to be used, and routing 
to an alternate. This may be entered manually, be in the form 
of a stored flight plan, or be a flight plan developed in another 
computer and transferred by disk or electronically to the FMS 
computer. The crew enters this basic information in the con 
trol/display unit (CDU). Once airborne, the FMS computer 
channels the appropriate NAVAIDs and takes radial/distance 
information, or channels two NAVAIDs, taking the more 
accurate distance information. FMS then indicates position, 
track, desired heading, groundspeed and position relative to 
desired track. Position information from the FMS updates the 
INS. In more sophisticated aircraft, the FMS provides inputs 
to the horizontal situation indicator (HIS), radio-magnetic 
indicator (RMI), glass cockpit navigation displays, head-up 
display (HUD), autopilot, and autothrottle systems. 
0075. Once the input information has been entered, 
depending on computer speed, the program calculates and 
displays the several patterns prior to arriving at the holding 
fix. An automated Surface observing system (ASOS), auto 
mated terminal information service (ATIS), meteorological 
terminal aviation routine weather reports (METAR), terminal 
aerodrome forecast (TAF), or WINDS ALOFT may be used 
as data sources. 
0076 Inputs for a disclosed computer program, whether 
entered by a flight management system or by the pilot, may 
include, but are not limited to, latitude of a NAVAID, longi 
tude of the NAVAID, altitude of the NAVAID, the FAA num 
ber designation for the type of aircraft, the altitude of the 
aircraft during holding, the NAVAID to holding fix distance 
and bearing, the direction of the outbound turn (right or left), 
the wind speed and bearing, the hold bearing, and the bank 
angle during turns. Micro air data computers (MADCs) may 
provide to the FMS barometric altitude, pressure altitude, 
indicated airspeed, true airspeed, Mach number, Vertical air 
speed, maximum operating airspeed, static and total air tem 
perature. (The true airspeed computation may be derived 
from calibrated airspeed, temperature, and pressure altitude). 
The magnetic sensor unit (MSU) detects the horizontal com 
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ponent of the earth’s magnetic field and transmits it to an 
altitude and heading reference unit (AHRU) for use as a 
heading reference. In MSU calibration mode, the AHRU 
determines the MSU calibration coefficients used for com 
pensation of single and dual cycle MSU errors. The MSU 
calibration algorithm is able to compensate single and dual 
cycle errors in sum up to 12 degrees. The AHRS is a strap 
down inertial measurement system using fiber optic rate 
gyros and micromechanical accelerometers that are “strapped 
down” to the principle aircraft axes. A digital computer math 
ematically integrates the rate data to obtain heading, pitch, 
and roll. 
0077. The FAA specifies a one-minute inbound leg for 
altitudes less than or equal to 14,000 feet (ft). Above 14,000 
feet, the inbound leg is 1.5 minutes. The time elapsed during 
the outbound leg is calculated from the ground speed and the 
distance between the starting point of the leg and its end. 
0078. In an embodiment, the following steps (a)-(m) may 
be used to calculate a left or right hand aeronautical holding 
pattern: 
0079 (a) determining wind speed and direction: 
0080 (b) choosing a direction of a holding pattern from 
the group comprising left-hand and right-hand; 
0081 (c) selecting a start point and an end point of an 
inbound leg of the holding pattern; 
0082 (d) generating, e.g., with an electronic processor, a 
curved path trajectory of an aircraft given the wind speed and 
direction determined in step (a) making a turn in the direction 
chosen in step (b): 
0083 (e) copying and translating the curved path trajec 

tory, with the electronic processor, so that for a first copy its 
starting point is the end point of the inbound leg selected in 
step (c), and for a second copy its ending point is the start 
point of the inbound leg selected in step (c); 
0084 (f) running a search routine, with the electronic pro 
cessor, to locate positions on the first and second copy of the 
curved path trajectory that are tangent to the curved path 
trajectory; and 
0085 (g) making the positions located in step (f) the start 
and end points of an outbound leg of the holding pattern; 
I0086 (h) notifying a pilot, using the electronic processor, 
of a maximum allowed holding pattern airspeed for an air 
craft: 
0087 (i) inputting a bank angle selected by the pilot into 
the electronic processor, 
0088 () generating and displaying, using the electronic 
processor, holding patterns for the maximum allowed air 
speed and optionally at least two lesser airspeeds; 
0089 (k) displaying boundaries of a protected airspace 
within which the aircraft must fly with the holding patterns of 
step (), enabling the pilot to see if the holding patterns are 
within the protected airspace; 
0090 (1) if none of the holding patterns of step () are 
within the protected airspace, enabling the pilot to input a 
greater bank angle into the electronic processor, and generat 
ing and displaying new holding patterns using the electronic 
processor, and 
0091 (m) using global positioning data to display the 
position of the aircraft in the display of the holding patterns 
and boundaries of the protected airspace. 
0092. If there is no wind, the spiral path becomes circular. 
These steps may be implemented by a computer or other 
electronic processor, which may be a stand-alone device or be 
integrated into the system of an aircraft. Without generating 
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projections from both the first and second copy of the spiral 
path simultaneously, one may identify incorrect points. 
0093. If the spiral path generated in step (d) is generated by 
Solving differential equations, it may be constructed from 
solutions of the following differential equations, where the fix 
is the ending point of the inbound leg, and is set at the origin 
(0, 0), and the X- and y-positions (with X being the east-west 
dimension and y being the north-South dimension, with east 
and north being the positive directions) of the aircraft at time 
t (in seconds) are: 

x=assin(abo+dpst)/dps--wiscos(wb)*t, and 

0094 wherein: 
(0095 * represents multiplication: 
0096 dips rate of change in the bearing in radians per 
second; 
0097 as airspeed in meters per second; 
0098 t—time: 
0099 ws—wind speed in meters per second; 
0100 wb-standard position angle representation of the 
wind bearing in radians; and 
0101 abo-inbound bearing in radians represented as an 
angle in Standard position. 
0102. A mathematically equivalent form of the two equa 
tions above can be written as: 

assin(abo + dipst) 
X = - - + wScos(wb)t, and dips 

y = - ascos(abo + dipst) + wissin(wb)t. 
dpS 

0103) An advantage of the present disclosure relates to 
variable bank and airspeed. Bank is usually constant and 
maintained with the flight director and autopilot. Allowing 
the pilot to alter the bank and then choose an airspeed appro 
priate for the hold is a unique feature, especially when com 
bined with the visual presentation. Incoming GPS data may 
be stored in a file that is repetitively read into the computer 
program, which then displays the position of the aircraft on 
the same graph as the holding pattern. 
0104. In an embodiment, an FMS (or any other suitable 
system) aboard an aircraft may receive holding instructions 
for the aircraft (e.g. from a flight crew member or an external 
transmitter via a receiver on the aircraft). The holding instruc 
tions may be received in any Suitable form, and may comprise 
various pieces of information to calculate a holding pattern. 
For example, the holding instructions may comprise a hold 
ing fix, a holding direction (e.g., right turn or left turn), an 
inbound leg course, and an altitude. The FMS may also obtain 
an airspeed for the aircraft, a wind speed, and a wind direction 
affecting the aircraft. The FMS may then calculate a holding 
pattern for the aircraft using the holding instructions, the wind 
speed, the wind direction, a duration of the inbound leg course 
(which may be determined based on the holding altitude), and 
the airspeed. Further, the FMS may obtain FAA protected 
airspace limits associated with the holding fix, and then 
present the holding patternand/or the FAA protected airspace 
limits to a flight crew member on the aircraft. In an embodi 
ment, presentation of the holding pattern and/or the FAA 
protected airspace limits takes place prior to the aircraft arriv 
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ing at the holding fix. Alternatively, instructions may be pro 
vided to an autopilot or flight director to fly the aircraft in the 
holding pattern. 
0105. In an embodiment, the FMS may further receive one 
or more updated parameters that affect the holding pattern. 
The updated parameters may comprise a change in the air 
speed, a change in the holding instructions, a change in wind 
speed, a change in wind direction, or other relevant param 
eters, or combinations thereof. The FMS may recalculate the 
holding pattern for the aircraft using the updated parameter 
and then present the recalculated holding pattern to the flight 
crew member. 
0106 The following are example embodiments of using 
the present disclosure to calculate right hand (clockwise) 
holding patterns. Prompts and output may be displayed by a 
computer system, and data inputs may be made by a user. 
Everything is displayed, except what is enclosed in parenthe 
ses, but including what is enclosed in brackets and single 
digits enclosed in parentheses. 
0107. In an embodiment, a user may first provide various 
input information. Specifically, the user first may access a file, 
e.g., by using command 
>read holdpattern12.m:holdpattern 12 Hold(). Then, the 
user may input the following information (Note that the user 
may type a semicolon and then press the Enter key after each 
input): 

0.108 a NAVAID latitude, e.g., as N or S. degrees, 
minutes, seconds. An exemplary value may be N. 31, 
38, 16: 

0109 a NAVAID longitude, e.g., as E or W. degrees, 
minutes, seconds. An exemplary value may be W.97, 
4, 45; 

0110 a NAVAID elevation (in feet or any other suitable 
unit). An exemplary value may be 516 feet; 

0111 a maximum holding speed of aircraft (in Knots 
Indicated Airspeed (KIAS) or any other suitable unit). 
An exemplary value may be 210 KIAS, i.e., maximum 
airspeed=210 KIAS: 

0112 an altitude (in feet or any other suitable unit). An 
exemplary value may be 6000 feet; 

0113 a NAVAID to FIX distance in nautical miles 
(NM). An exemplary value may be 12 NM; 

0114 a NAVAID to FIX bearing in degrees. An exem 
plary value may be 300 degrees; 

0115 a holding bearing in degrees. An exemplary value 
may be 45 degrees; 

0116 a turning direction, e.g., input 1 for Right Turn, 2 
for Left Turn, 3 for figure eight right, 4 for figure eight 
left. An exemplary turning direction may be 1 (Alterna 
tively, a holding direction may be used, e.g. northeast of 
the holding fix; 

0117 a wind speed in knots. An exemplary value may 
be 40 knots; 

0118 a direction in which wind is blowing from (in 
degrees or any other Suitable unit). An exemplary value 
may be 305 degrees; and 

0119 a bank angle (in degrees or any other suitable 
unit). An exemplary value may be 20 degrees. 

0120 In another embodiment, the user may provide dif 
ferent input information. For example, the user may input the 
following information (Note that the user may type a semi 
colon and then press the Enter key after each input): 
Input NAVAID latitude in brackets, as N or S. degrees, min 
utes, seconds, e.g., N, 31, 38, 16; 
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Input NAVAID longitude in brackets, as E or W. degrees, 
minutes, seconds, e.g., W, 97, 4, 45; 
Input NAVAID elevation in feet, e.g., 516; 
Civil Aircraft (classified by a maximum holding altitude 
(MHA)) 
I0121 (1) MHA through 6,000 ft. 
(0.122 (2) Above 6,000 ft through 14,000 ft 
(0123 (3) Above 14,000 ft 

Military Aircraft 
0.124 (4) All except aircraft listed below 
0.125 (5) T-38, F-15, and F-16 
(0.126 (6) USAF F-4 Aircraft 
O127 (7) B-1, F-111, and F-5 
0128 (8) T-37 
Input the integer of aircraft type, e.g. 3; (note that aircraft 
type for civil aircraft is used loosely herein to refer to altitude 
range.) 
Maximum airspeed=265 KIAS 
Input altitude in feet (No commas), e.g., 15000; 
Input NAVAID to FIX distance in NM, e.g., 12: 
Input NAVAID to FIX bearing in degrees, e.g., 325: 
Input holding bearing in degrees, e.g., 45; 
Input 1 for right turn, 2 for left turn, 3 for figure eight type, 
e.g., 1: 
Input wind speed in knots, e.g., 30, 
Input direction wind is blowing from in degrees, e.g., 125; 
Input bank angle in degrees, e.g., 20; 
0129. In an embodiment, exemplary values can be set as: 
Latitude of FIX=N 31 degrees, 48.08 minutes. 
Longitude of FIX=W 97 degrees, 12.84 minutes. 
FIX to NAVAID Slant DME=12.23 NM 
Holding bearing 045 degrees. 
Inbound bearing 225 degrees. 
Altitude=15000 feet. 
Wind blowing from=125 degrees. 
Wind blowing toward=305 degrees. 
Wind speed=30 knots. 
I0130 Pattern 1 (40 shown in FIG. 4): 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed=245 knots. 
Wind corrected inbound bearing 218 degrees. 
Turn RIGHT (at FIX42) with bank angle=20 degrees 1.65 
degrees/second (the outbound turn 44) to outbound wind 
corrected bearing of 67 degrees (at post 46, the start of out 
bound leg 48). 
Fly on that outbound heading for 105 seconds until the bear 
ing back to NAVAID is 165 degrees (at post 50, the end of the 
outbound leg). 
Turn RIGHT with bank angle=20 degrees 1.65 degrees/sec 
ond (the inbound turn 52) back to the start (at post 54) of 
inbound leg (56). (The end of the inbound leg is 42, the FIX 
where the holding pattern started and may be repeated.) 
Latitude at end of outboundleg N31 degrees, 55.54 minutes. 
Longitude at end of outbound leg-W 97 degrees, 10.24 min 
utes. 

DME to NAVAID at end of outbound leg 18.07 NM. 
Area enclosed in oval 58 is a subset of FAA Basic Template 
15, indicating the area within which the holding pattern is 
Supposed to be contained. 
Inbound leg–6.13 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
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0131 Directions are indicated by the larger circle 60 with 
compass points Surrounding the FIX and the Smaller circle 62 
with compass points surrounding the NAVAID 64. Cross lines 
66 and nautical mile markers 67 indicate distance from the 
FIX. Line 68 indicates the direction of the inbound leg, which 
is toward the lower left. Line 70 indicates the distance and 
direction from the FIX to the NAVAID. Line 72 indicates the 
direction of the point 50 at which the outbound legends and 
the inbound turn begins to the NAVAID. Icon 74 indicates the 
wind corrected inbound heading. Icon 76 indicates the out 
bound wind corrected heading. Triangle 77 indicates the wind 
direction. The oval 58 may be formed by two semicircles 
connected by straight line segments. One of the semicircles is 
centered on the FIX. LM is the distance between the fix and 
the center of the other semicircle. LI is the radius of both 
semicircles. 
(0132) Pattern 2 (78 shown in FIG. 5): 
Indicated inbound airspeed=225 knots. 
Altitude-corrected inbound airspeed=293 knots. 
Inbound ground speed=297 knots. 
Wind corrected inbound bearing 219 degrees. 
Turn RIGHT (at FIX42) with bank angle=20 degrees 1.36 
degrees/second (the outbound turn 44) to outbound wind 
corrected bearing of 67 degrees (at post 46, the start of out 
bound leg 48). 
Fly on that outbound heading for 104 seconds until the bear 
ing back to NAVAID is 166 degrees (at post 50, the end of the 
outbound leg). 
Turn RIGHT with bank angle=20 degrees 1.36 degrees/sec 
ond (the inbound turn 52) back to start (at post 54) of inbound 
leg (56). (The end of the inbound leg is 42, the FIX where the 
holding pattern started and may be repeated.) 
Latitude at end of outboundleg N31 degrees, 58.09 minutes. 
Longitude at end of outbound leg-W 97 degrees, 10.51 min 
utes. 

DME to NAVAID at end of outbound leg 20.58 NM. 
Area enclosed in oval 58 is a subset of FAA Basic Template 
15. 
Inbound leg–7.42 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 

0.133 Pattern 3 (80 shown in FIG. 6): 
Indicated inbound airspeed=265 knots. 
Altitude-corrected inbound airspeed=344 knots. 
Inbound ground speed=348 knots. 
Wind corrected inbound bearing 220 degrees. 
Turn RIGHT (at FIX42) with bank angle=20 degrees 1.15 
degrees/second (the outbound turn 44) to outbound wind 
corrected bearing of 65 degrees (at post 46, the start of out 
bound leg 48). 
Fly on that outbound heading for 103 seconds until the bear 
ing back to NAVAID is 167 degrees (at post 50, the end of the 
outbound leg). 
Turn RIGHT with bank angle=20 degrees 1.15 degrees/sec 
ond (the inbound turn 52) back to start (at post 54) of inbound 
leg (56). (The end of the inbound leg is 42, the FIX where the 
holding pattern started and may be repeated.) 
Latitude at end of outbound leg=N 32 degrees, 0.96 minutes. 
Longitude at end of outbound leg-W 97 degrees, 11.13 min 
utes. 

DME to NAVAID at end of outbound leg 23.48 NM. 
Area enclosed in oval 58 is a subset of FAA Basic Template 
15. (Note that this holding pattern passes outside where FAA 
regulations say that it should be.) 
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Inbound leg 8.70 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
I0134. The following are example embodiments of using 
the present disclosure to calculate left hand (counterclock 
wise) holding patterns. Prompts and output may be displayed 
by a computer system, and data inputs may be made by a user. 
After each input, type a semicolon and then press Enter. 
Input NAVAID latitude in brackets, Nor S. degrees, minutes, 
seconds, e.g., N, 31, 38, 16; 
Input NAVAID longitude in brackets, E or W. degrees, min 
utes, seconds, e.g., W.97, 4, 45; 
Input NAVAID elevation in feet., e.g., 516; 

Civil Aircraft 

0.135 (1) MHA through 6,000 ft. 
(0.136 (2) Above 6,000 ft through 14,000 ft 
0.137 (3) Above 14,000 ft 

Military Aircraft 

0.138 
0.139 
0140 

(4) All except aircraft listed below 
(5) T-38, F-15, and F-16 
(6) USAF F-4 Aircraft 

0141 (7) B-1, F-111, and F-5 
0.142 (8) T-37 
Input the integer of aircraft type, e.g., 3; 
Maximum airspeed=265 KIAS 
Input altitude in feet (No commas), e.g., 15000; 
Input NAVAID to FIX distance in NM, e.g., 12: 
Input NAVAID to FIX bearing in degrees, e.g., 325: 
Input holding bearing in degrees, e.g., 45; 
Input 1 for right turn, 2 for left turn, 3 for figure eight type, 
e.g. 2; 
Input wind speed in knots, e.g., 35. 
Input direction wind is blowing from in degrees, e.g., 125; 
Input bank angle in degrees, e.g., 25; 
Latitude of FIX=N 31 degrees, 48.08 minutes. 
Longitude of FIX=W 97 degrees, 12.84 minutes. 
FIX to NAVAID Slant DME=12.23 NM 
Holding bearing 045 degrees. 
Inbound bearing 225 degrees. 
Altitude=15000 feet. 
Wind blowing from=125 degrees. 
Wind blowing toward=305 degrees. 
Wind speed=35 knots. 
0143 Pattern 1 (82 shown in FIG. 7): 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed=245 knots. 
Wind corrected inbound bearing 217 degrees. 
Turn LEFT (at FIX 42) with bank angle=25 degrees 2.11 
degrees/second (the outbound turn 44) to outbound wind 
corrected bearing of 69 degrees (at post 46, the start of out 
bound leg 48). 
Fly on that outbound heading for 106 seconds until the bear 
ing back to NAVAID is 182 degrees (at post 50, the end of the 
outbound leg). 
Turn LEFT with bank angle=25 degrees 2.11 degrees/sec 
ond (the inbound turn 52) back to start (at post 54) of inbound 
leg (56). (The end of the inbound leg is 42, the FIX where the 
holding pattern started and may be repeated.) 
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Latitude at end of outboundleg N31 degrees, 49.07 minutes. 
Longitude at end of outbound leg=W 97 degrees, 4.31 min 
utes. 

DME to NAVAID at end of outbound leg 11.09 NM. 
Area enclosed in oval 58 is a subset of FAA Basic Template 
15. 
Inbound leg–6.13 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
0144) Pattern 2 (84 shown in FIG. 8): 
Indicated inbound airspeed=225 knots. 
Altitude-corrected inbound airspeed=293 knots. 
Inbound ground speed=297 knots. 
Wind corrected inbound bearing 218 degrees. 
Turn LEFT (at FIX 42) with bank angle=25 degrees 1.74 
degrees/second (the outbound turn 44) to outbound wind 
corrected bearing of 67 degrees (at post 46, the start of out 
bound leg 48). 
Fly on that outbound heading for 105 seconds until the bear 
ing back to NAVAID is 194 degrees (at post 50, the end of the 
outbound leg). 
Turn LEFT with bank angle=25 degrees 1.74 degrees/sec 
ond (the inbound turn 52) back to start (at post 54) of inbound 
leg (56). 
Latitude at end of outboundleg N31 degrees, 48.58 minutes. 
Longitude at end of outbound leg=W 97 degrees, 1.73 min 
utes. 

DME to NAVAID at end of outbound leg-10.92 NM. 
Area enclosed in oval 58 is a subset of FAA Basic Template 
15. 
Inbound leg–7.42 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
(0145 Pattern 3 (86 shown in FIG.9): 
Indicated inbound airspeed=265 knots. 
Altitude-corrected inbound airspeed=344 knots. 
Inbound ground speed=349 knots. 
Wind corrected inbound bearing 219 degrees. 
Turn LEFT with bank angle=25 degrees 1.48 degrees/sec 
ond (the outbound turn 44) to outbound wind corrected bear 
ing of 65 degrees (at post 46, the start of outbound leg 48). 
Fly on that outbound heading for 104 seconds until the bear 
ing back to NAVAID is 207 degrees (at post 50, the end of the 
outbound leg). 
Turn LEFT with bank angle=25 degrees 1.48 degrees/sec 
ond (the inbound turn 52) back to start (at post 54) of inbound 
leg (56). 
Latitude at end of outboundleg N31 degrees, 47.84 minutes. 
Longitude at end of outbound leg-W 96 degrees, 58.93 min 
utes. 

DME to NAVAID at end of outbound leg 11.06 NM. 
Area enclosed in oval 58 is a subset of FAA Basic Template 
15. (Note that this holding pattern passes outside where FAA 
regulations say that it should be.) 
Inbound leg 8.73 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
0146 Figure eight holding patterns are a unique alterna 

tive to regular holding patterns that may be used when the 
winds are very high and are perpendicular to the inbound 
holding course. The figure eight patterns have two turns into 
the wind direction, which minimizes the chance of being 
blown outside of the protected holding airspace. Optimum 
conditions for these patterns are high Velocity winds (e.g. 
winds higher than 25% of the airspeed) perpendicular to the 
inbound course, or not more than +30 degrees or -30 degrees 
from perpendicular in relation to the inbound course. For 
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example, if the inbound course is on the 360 degree radial, 
heading 180 degrees (south), and the wind is from 90 degrees 
(east) at 80 knots or greater and the airspeed is 320 knots or 
less. A figure eight pattern would work just as well for that 
inbound course, heading and wind speed, with wind having a 
bearing up to 30 degrees less than 90 degrees (e.g., 80, 70 or 
60 degrees) or up to 30 degrees more (e.g., 100, 110 or 120 
degrees). Except in this type of scenario, a regular holding 
pattern should be used. 
0147 Computer-generated simulated figure eight flight 
paths indicate holding patterns may occupy less air space as 
the acute angle between wind direction and the hold bearing 
increases. Figure eight holding patterns cannot be success 
fully completed when moderate winds flow close to parallel 
to the hold bearing. Patterns were generated for the condition 
where the aircraft turns into wind at both ends of the inbound 
leg. Patterns differ slightly when the aircraft has a headwind 
rather than a tailwind on entering the inbound leg. Figure 
eight holding patterns can be very compact under high wind 
conditions, provided that the wind direction is nearly perpen 
dicular to the hold bearing. In light winds, Figure eight pat 
terns can be successfully completed when the wind direction 
is not close to perpendicular to the inbound leg. Figure eight 
holding patterns are more compact than elliptical holding 
patterns to remain within the airspace required by FAA Order 
7130.3A, including all modifying FAA Memoranda, or its 
Successor regulations. 
0.148. In an embodiment, the following steps (a)-(p) may 
be used to calculate a figure eight aeronautical holding pat 
tern: 

0149 (a) determining wind speed and direction: 
0150 (b) selecting a start point and an end point of an 
inbound leg of the holding pattern; 
0151 (c) generating, with an electronic processor and by 
Solving differential equations (or by repeated triangulation), a 
first spiral path of an aircraft given the wind speed and direc 
tion determined in step (a) and making a turn into the wind; 
0152 (d) copying and translating the first spiral path, with 
the electronic processor, so that for a first copy its starting 
point is the end point of the inbound leg selected in step (b). 
and for a second copy its ending point is the end point of the 
inbound leg selected in step (b): 
0153 (e) generating, with an electronic processor and by 
Solving differential equations (or by repeated triangulation), a 
second spiral path of an aircraft given the wind speed and 
direction determined in step (a) and making a turn in the 
opposite direction from the turn in step (c); 
0154 (f) copying and translating the second spiral path, 
with the electronic processor, so that for a third copy its 
starting point is the start point of the inbound leg selected in 
step (b), and for a fourth copy its ending point is the start point 
of the inbound leg selected in step (b): 
0155 (g) running a search routine, with the electronic 
processor, to locate positions on the first and fourth copies 
that have, as close as possible, the same bearing; 
0156 (h) making the positions located in step (g) the start 
and endpoints of a first straight line portion of the figure eight 
holding pattern; 
0157 (i) running a search routine, with the electronic pro 
cessor, to locate positions on the second and third copies that 
have, as close as possible, the same bearing; 
0158 () making the positions located in step (i) the start 
and end points of a second straight line portion of the figure 
eight holding pattern; 
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0159 (k) notifying a pilot, using the electronic processor, 
of a maximum allowed holding pattern airspeed for an air 
craft: 
0160 (1) inputting a bank angle selected by the pilot into 
the electronic processor, 
0161 (m) generating and displaying, using the electronic 
processor, holding patterns for the maximum allowed air 
speed and at least two lesser airspeeds; 
0162 (n) displaying boundaries of a protected airspace 
within which the aircraft must fly with the holding patterns of 
step (m), enabling the pilot to see if the holding patterns are 
within the protected airspace; 
0163 (o) if none of the holding patterns of step (m) are 
within the protected airspace, enabling the pilot to input a 
greater bank angle into the electronic processor, and generat 
ing and displaying new holding patterns using the electronic 
processor, and 
0164 (p) using global positioning data to display the posi 
tion of the aircraft in the display of the holding patterns and 
boundaries of the protected airspace. 
0.165. Again, if there is no wind, the spiral path becomes 
circular. These steps may be implemented by a computer or 
other electronic processor, which may be a stand-alone 
device, or integrated into the system of an aircraft. Without 
generating projections from the copies of the spiral paths 
simultaneously, one may frequently identify incorrect points. 
0166 If the first and second spiral paths are generated by 
Solving differential equations, they be constructed from Solu 
tions of the following differential equations, where the fix is 
the ending point of the inbound leg, and is set at the origin (0, 
0), and the X- and y-positions of the aircraft at time t (in 
seconds) are: 

x=assin(abo+dpst)/dps--ws' cos(wb)*t, and 

y=-ascos(abo--dpst) dips--wissin (wb)*t, 

(0167 wherein: 
0168 dips rate of change in the bearing in radians per 
second; 
0169 as Fairspeed in meters per second; 
(0170 t—time: 
0171 ws—wind speed in meters per second; 
0172 wb-standard position angle representation of the 
wind bearing in radians; and 
0173 abo inbound bearing in radians represented as an 
angle in Standard position. 
0.174. The following are example embodiments of using 
the present disclosure to calculate figure eight holding pat 
terns. Prompts and output may be displayed by a computer 
system, and data inputs may be made by a user. Everything is 
displayed, except what is enclosed in parentheses, but includ 
ing what is enclosed in brackets and single digits enclosed in 
parentheses. The following are common to all six patterns, 
except as indicated: 
After each input, type a semicolon and then press Enter. 
Input NAVAID latitude, in brackets Nor S. degrees, minutes, 
seconds, e.g., N, 31, 38, 16; 
Input NAVAID longitude, in brackets E or W. degrees, min 
utes, seconds, e.g., W, 97, 4, 45; 
Input NAVAID elevation in feet, e.g., 516; 
Civil Aircraft (as classified by MHA) 
(0175 (1) MHA through 6,000 ft. 
(0176 (2) Above 6,000 ft through 14,000 ft 
0177 (3) Above 14,000 ft 
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Military Aircraft 
(0178 (4) All except aircraft listed below 
(0179 (5) T-38, F-15, and F-16 
0180 (6) USAF F-4 Aircraft 
0181 (7) B-1, F-111, and F-5 
0182 (8) T-37 
Input the integer of aircraft type, e.g., 3; 
Maximum airspeed=265 KIAS 
Input altitude in feet (No commas), e.g., 15000; 
Input NAVAID to FIX distance in NM, e.g., 12: 
Input NAVAID to FIX bearing in degrees, e.g., 300; 
Input holding bearing in degrees. 45: 
Input 1 for right turn, 2 for left turn, 3 for FIG. 8 right, 4 for 
figure eight left, e.g., 3; 
Input wind speed in knots, e.g., 65. 
Input direction wind is blowing from in degrees, e.g., 325: 
(Indicated by triangle 91.) 
Input bank angle in degrees, e.g., 20; 
Latitude of FIX=N 31 degrees, 44.25 minutes. 
Longitude of FIX=W 97 degrees, 16.96 minutes. 
FIX to NAVAID Slant DME=12.23 NM 

Xproduct=0.98 

0183 Holding bearing 045 degrees. 
Inbound bearing 225 degrees. 
Altitude=15,000 feet. 
Wind blowing from 325 degrees. 
Wind blowing toward=145 degrees. 
Wind speed=65 knots. 
(0.184 Pattern 1 (88 shown in FIG. 10 initial right turn 
when wind is from the right): 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed=244 knots. 
Wind corrected inbound bearing 240 degrees 
(as indicated by icon 90.) 
Enter the holding pattern at FIX 42, and turn RIGHT until 
bearing is 60.0 degrees (at post 92, the end of the outbound 
turn 94 and the beginning of the outbound leg 96). 
Level and fly that bearing until the bearing back to NAVAID 
is 144.8 degrees (at post 98, the end of the outbound leg and 
the beginning of the inbound turn 100). 
(At post 98) Turn LEFT (passing through tangent point 108) 
until bearing is 200.0 degrees (at post 102, the beginning of 
the inbound leg 104). 
Level and fly that bearing until the bearing back to NAVAID 
is 127.5 degrees (at post 105, the end of the inbound leg and 
the beginning of the outbound turn 94). 
Begin RIGHT turn (on outbound turn 94) and repeat circuit. 
(Note that the outbound turn begins before the FIX.) 
Start of inbound leg to NAVAID slant DME=12.21 NM. 
Latitude of start of inbound leg-N31 degrees, 48.57 minutes. 
Longitude of start of inbound leg-W 97 degrees, 11.90 min 
utes. 

Area enclosed in oval 58 is a subset of FAA Basic Template 
15. 

Inbound leg–6.10 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
Line 106 indicates the inbound bearing, and passes through 
the FIX 42 and a tangent point 108 on the inbound turn 100. 
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0185. Pattern 2 (110 shown in FIG. 11 initial right turn 
when wind is from the right): 
Input direction wind is blowing from in degrees, e.g., 305; 
(Indicated by triangle 91.) 
Wind blowing from=305 degrees. 
Wind blowing toward=125 degrees. 
Wind speed=65 knots. 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed 221 knots. 
Wind corrected inbound bearing 240 degrees. 
Enter the holding pattern at FIX 42, and turn RIGHT until 
bearing is 78.0 degrees (at post 92, the end of the outbound 
turn 94 and the beginning of the outbound leg 96). 
Level and fly that bearing until the bearing back to NAVAID 
is 137.8 degrees (at post 98, the end of the outbound leg and 
the beginning of the inbound turn 100). 
(At post 98) Turn LEFT, passing through tangent point 108, 
until bearing is 205.0 degrees (at post 102, the beginning of 
the inbound leg 104). 
Level and fly that bearing until the bearing back to NAVAID 
is 126.0 degrees (at post 105, the end of the inbound leg and 
the beginning of the outbound turn 94). 
Begin RIGHT turn (on outbound turn 94) and repeat circuit. 
Start of inbound leg to NAVAID slant DME=12.08 NM. 
Latitude of start of inbound leg-N31 degrees, 48.16 minutes. 
Longitude of start of inbound leg-W 97 degrees, 12.37 min 
utes. 

Area enclosed in oval 58 is a subset of FAA Basic Template 
15. 
Inbound leg 5.52 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
0186 Pattern 3 (shown as 112 in FIG. 12 initial right 
turn when wind is from the left): 
Input direction wind is blowing from, in degrees, e.g., 125; 
(Indicated by triangle 91.) 

Xproduct=-0.98 
0187 Wind blowing from=125 degrees. 
Wind blowing toward=305 degrees. 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed=244 knots. 
Wind corrected inbound bearing 210 degrees. 
Enter the holding pattern at tangent point 108 (on inbound 
turn 100) and turn RIGHT until bearing is 250.0 degrees (at 
post 98, the end of the inbound turn and the beginning of the 
inbound leg 96). 
Level and fly that bearing until the bearing back to NAVAID 
is 129.6 degrees (at post 92, the end of the inbound leg and the 
beginning of the outbound turn 94). 
(At that point) Turn LEFT (passing through the FIX42) until 
bearing is 30.0 degrees (at post 105, the end of the outbound 
turn and the beginning of the outbound leg 104). 
Level and fly that bearing (on inbound turn 100) until the 
bearing back to NAVAID is 144.3 degrees (at post 102). 
Begin RIGHT turn (on inbound turn 100) and repeat circuit. 
Start of inbound leg to NAVAID slant DME=12.21 NM. 
Latitude of start of inbound leg-N31 degrees, 48.57 minutes. 
Longitude of start of inbound leg-W 97 degrees, 11.90 min 
utes. 

Area enclosed in blue is a subset of FAA Basic Template 15. 
Inbound leg–6.10 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
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0188 Pattern 4 (113 shown in FIG. 13 initial left turn 
when wind is from the right): 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed=244 knots. 
Wind corrected inbound bearing 240 degrees. 
Enter the holding pattern at tangent point 108 (on inbound 
turn 100) turn LEFT until bearing is 200.0 degrees (at post 98. 
the end of the inbound turn and the start of the inbound leg 
104). 
Level and fly that bearing until the bearing back to NAVAID 
is 126.9 degrees (at post 92, the end of the inbound leg and the 
start of outbound turn 94). 
At post 92 turn RIGHT (passing through the FIX 42) until 
bearing is 60.0 degrees (at post 105, the end of the outbound 
turn and the start of outbound leg 96). 
Level and fly that bearing until the bearing back to NAVAID 
is 149.5 degrees (at post 102). Begin LEFT turn (on inbound 
turn 100) and repeat circuit. 
Start of inbound leg to NAVAID slant DME=12.21 NM. 
Latitude of start of inbound leg-N31 degrees, 48.57 minutes. 
Longitude of start of inbound leg-W 97 degrees, 11.90 min 
utes. 

Area enclosed in oval 58 is a subset of FAA Basic Template 
15. 
Inbound leg–6.10 NM, Template 15 LM=9.60 NM, LI=7.70 
NM 
(0189 Pattern 5 (115 shown in FIG. 14 initial left turn 
when wind is from the right): 
Input direction wind is blowing from, in degrees. 305; (Indi 
cated by triangle 91.) 
Wind blowing from=305 degrees. 
Wind blowing toward=125 degrees. 
Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed 221 knots. 
Wind corrected inbound bearing 240 degrees. 
Enter the holding pattern at tangent point 108 (on inbound 
turn 100) turn LEFT until bearing is 205.0 degrees (at post 98. 
the end of the inbound turn and the start of inbound leg 104). 
Level and fly that bearing until the bearing back to NAVAID 
is 121.5 degrees (at post 92, the end of the inbound leg and the 
start of outbound turn 94). 
(At that point) Turn RIGHT (passing through the FIX 42) 
until bearing is 78.0 degrees (at post 105, the end of the 
outbound turn and the start of the outbound leg 96). 
Level and fly that bearing until the bearing back to NAVAID 
is 136.9 degrees (at post 102). 
Begin LEFT turn (on inbound turn 100) and repeat circuit. 
Start of inbound leg to NAVAID slant DME=12.08 NM. 
Latitude of start of inbound leg-N31 degrees, 48.16 minutes. 
Longitude of start of inbound leg-W 97 degrees, 12.37 min 
utes. 

Area enclosed in blue is a subset of FAA Basic Template 15. 
Inbound leg 5.52 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
(0190. Pattern 6 (117 shown in FIG. 15 initial left turn 
when wind is from the left): 
Input direction wind is blowing from, in degrees. 145; (Indi 
cated by triangle 91.) 

Xproduct=-0.98 

(0191 Wind blowing from=145 degrees. 
Wind blowing toward=325 degrees. 
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Indicated inbound airspeed=186 knots. 
Altitude-corrected inbound airspeed=241 knots. 
Inbound ground speed 221 knots. 
Wind corrected inbound bearing 210 degrees. 
Enter the holding pattern at FIX42 (on outbound turn 94) and 
turn LEFT until bearing is 12.0 degrees (at post 92, the end of 
outbound turn 94 and the start of outbound leg 104). 
Level and fly that bearing until the bearing back to NAVAID 
is 138.5 degrees (at post 98, the end of the outbound leg and 
the start of inbound turn 100). 
(Atpost 98) Turn RIGHT (passing throughtangent point 108) 
until bearing is 245.0 degrees (at post 102, the end of the 
inbound turn and the start of inbound leg 96). 
Level and fly that bearing until the bearing back to NAVAID 
is 125.3 degrees (at post 105, the end of the inbound leg and 
the start of outbound turn 94). 
Begin LEFT turn (on outbound turn 94) and repeat circuit. 
Start of inbound leg to NAVAID slant DME=12.08 NM. 
Latitude of start of inbound leg-N31 degrees, 48.16 minutes. 
Longitude of start of inbound leg-W 97 degrees, 12.37 min 
utes. 

Area enclosed in blue is a subset of FAA Basic Template 15. 
Inbound leg 5.52 NM, Template 15 LM=9.60 NM, LI=7.70 
NM. 
0.192 In an embodiment, a holding pattern disclosed 
herein comprises an inbound leg, an outbound turn, an out 
bound leg, and an inbound turn. In calculating the holding 
pattern for an aircraft, an FMS in the aircraft (or another 
aboard system) may first calculate an inbound leg starting 
point using an inbound leg course, an inbound leg duration, 
and an airspeed. Second, the FMS may calculate a curved 
path trajectory for the aircraft using the airspeed for the air 
craft, the wind speed, the wind direction, and a rate-of-turn 
for the aircraft (e.g., a rate (in degrees per second) at which the 
aircraft is turning direction). Note that the curved path trajec 
tory may be a path that the aircraft will fly when the aircraft 
turns at the rate-of-turn and at the airspeed when the aircraft 
is subjected to the wind speed and the wind direction. 
0193 In an embodiment, the curved path trajectory may 
be a spiral path that comprises an outbound turn portion and 
an inbound turn portion. For example, the outbound leg may 
be a line that is tangent to both the outbound turn portion and 
the inbound turn portion and is not coincident with the 
inbound leg. Thus, the FMS may orient at least part of the 
outbound turn portion on the holding fix at the holding fix 
Such that the inbound course is tangent to the outbound turn 
portion at the holding fix. The FMS may further orient at least 
part of the inbound turn portion on the inbound leg starting 
point Such that the inbound course is tangent to the inbound 
turn portion at the holding fix. Furthermore, the FMS may 
determine the outbound leg for the holding pattern. 
(0194 FIGS. 16-23 are flowcharts showing how an 
embodiment disclosed herein may be implemented using a 
computer program. They are for illustration only. Other types 
of computer programs may be used to implement an embodi 
ment disclosed herein. 
0.195. In FIG. 16, the program first specifies certain vari 
ables as being local to the program 114. Such as local coor 
dinates, holdbearing, airspeed, altitude, wind speed, etc. The 
code then collects input values 116, such as NAVAID latitude, 
longitude, elevation, aircraft type, and maximum speed. 
Maximum airspeed is then printed or otherwise outputted 
118. The code again collects input values 120, such as alti 
tude, and NAVAID to FIX distance and bearing. Earth radius 
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is calculated 122. The latitude of the fix is calculated 124. The 
longitude of the fix is calculated 126. The slant distance from 
the fix to the NAVAID is then calculated 128. 
0196. In FIG. 17, the program then collects inputs of the 
hold bearing, turn direction, wind speed, and wind bearing 
130. The FAA envelope is selected using the FIX to NAVAID 
distance, altitude, and maximum airspeed 132. FAA distance 
values for various envelopes are listed 134. The bank angle is 
inputted 136. The latitude and longitude of the FIX and FIX 
to NAVAID slant distance are printed or otherwise outputted 
138. The bearings may be converted to standard position 
angles 140. A plot of an icon in the form of an arrow indicating 
direction is created 142. The format of bearings for future 
output is adjusted 144. 
0.197 In FIG. 18, windbearing and wind speed are printed 
or otherwise outputted 146. The program checks to see if 
wind speed is too great 148. Plots are created for future output 
150. Loops for three airspeeds are initiated 152. Output and 
altitude-corrected airspeeds are indicated 154. Rate of turn 
from bank angle is calculated 156. Variables such as degrees 
per second and wind bearing are reset 158. Calculate the 
bearing and ground speed for the inbound leg are calculated 
160. 
0.198. In FIG. 19, if the holding pattern is a figure eight 
162, calculate the bearing and ground speed for the second 
spiral needed for a figure eight holding pattern 164. Then, 
regardless of the type of holding pattern, calculate bearing 
and ground speed for the inbound leg 166. Adjust the format 
of the bearings for future output 168. Output inbound bearing 
170. Create plots to draw aircraft on graph 172. Create text 
plots to display bearing values on graph 174, and set the FIX 
at the origin (0, 0) 176. It should be understood that although 
information may be electronically displayed, such informa 
tion may be sent to the flight director or autopilot without 
being displayed, that is, the displaying step may be optional. 
(0199. In FIG. 20, if the altitude is greater than 14,000 feet 
178, set the time of the inbound leg to 1.5 minutes 180, else set 
the time of the inbound leg to 1.0 minutes 182. Calculate the 
X- and y-coordinates of the start of the inbound leg 184. 
Calculate the length of the inbound leg 186. The program then 
draws the FAA envelope and the LM line (68 in FIG. 4-9 or 
106 in FIGS. 10-12) 188. If the holding patternis for a left turn 
190, set rate of turn 192. If the holding pattern is a figure eight 
194, the computer decides which way to turn into the wind 
196. Regardless of the type of holding pattern, next it gener 
ates a first 360-degree spiral 198. If and only if the holding 
pattern is a figure eight 200, it generates a second 360-degree 
spiral 202. Regardless of the type of holding pattern, it next 
calculate the x-andy-coordinates of the NAVAID 204. It then 
sets a large number 206, which is the maximum number of 
degrees that the wind direction can vary for the holding pat 
tern 

0200. In FIG. 21, if the holding pattern is not a figure eight 
208 (i.e., is a left or right turn), set the search region to find 
start and stop of the outbound leg 210, and proceed to F in 
FIG. 22. If the holding pattern is a figure eight, set search 
regions for locating start and stop locations for two straight 
line legs 212, perform search routines to locate start and stop 
locations for Straight line portions of figure eight pattern and 
generate coordinates along the figure eight path 214, tell the 
pilot which way to turn, when to fly straight, and when to start 
and stop second turn to complete the figure eight 216, plot the 
figure eight 218, draw circles at the ends of the straight line 
portions 220, and proceed to G in FIG. 22. 
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0201 In FIG. 22, for right or left turns, the program 
searches to find the start and stop of the outbound leg 222, and 
generate the coordinates of points along the flight path 224. 
For any kind of holding pattern, the program then calculates 
the bearing back to the NAVAID at end of outbound leg 226. 
Then it calculates the latitude and longitude of the end of the 
outbound leg 228. It generates the plots to draw the FAA 
envelope 230. It calculates the slant DME from the end of the 
outbound leg to the NAVAID 232. It generates plots, marking 
10-degree intervals 234 on a circle, and marking 90-degree 
intervals 236 (with larger marks) on the circle. (It may modify 
the format of bearings for output). Then, it writes words on a 
graph or other display 238. 
0202. In FIG. 23, if FIX and NAVAID are not the same 
location 240, print the bearing 242. In either case, draw air 
craft images 244, and generate output text and plots 246. If the 
holding pattern is not a figure eight 248, display the graph 
with all plots and text plots 250 for a left or right handholding 
pattern. If the holding pattern is a figure eight, display the 
graph with all plots and text plots 252 for a figure eight 
holding pattern. 
0203 The aircraft disclosed herein includes many parts 
that work together. For example, an aircraft comprises an 
FMS, an airframe attached to the FMS, at least one engine 
attached to the airframe, and an avionics system attached to 
the airframe and the FMS. The airframe makes up at least part 
of the mechanical structure of the aircraft. Any suitable type 
of engine may be used in the aircraft. The avionics system 
may include electronic systems for various purposes such as 
communications, navigation, the display and management of 
multiple systems. There may be hundreds of systems known 
in the art that are fitted to aircraft to perform individual 
functions. 
0204 The schemes described above may be implemented 
on a computer system or a network component with Sufficient 
processing power, memory resources, and network through 
put capability to handle the necessary workload placed upon 
it. FIG. 24 illustrates an embodiment of a computer system or 
network node 2400 suitable for implementing one or more 
embodiments of the systems disclosed herein, such as a cal 
culator, FMS, or a flight control system described above. The 
computer system 2400 may be placed aboard an aircraft dis 
closed herein or may be located elsewhere communicating 
with the aircraft. 
0205 The computer system 2400 includes a processor 
2402 that is in communication with memory devices includ 
ing secondary storage 2404, read only memory (ROM) 2406, 
random access memory (RAM) 2408, input/output (I/O) 
devices 2410, and transmitter/receiver (transceiver) 2412. 
Although illustrated as a single processor, the processor 2402 
is not so limited and may comprise multiple processors. The 
processor 2402 may be implemented as one or more central 
processor unit (CPU) chips, cores (e.g., a multi-core proces 
sor), field-programmable gate arrays (FPGAs), application 
specific integrated circuits (ASICs), and/or digital signal pro 
cessors (DSPs). The processor 2402 may be configured to 
implement at least part of any of the schemes described 
herein, including the methods shown in FIGS. 16-23. The 
processor 2402 may be implemented using hardware or a 
combination of hardware and software. 
0206. The secondary storage 2404 typically comprises 
one or more disk drives or tape drives and is used for non 
Volatile storage of data and as an over-flow data storage 
device if the RAM 2408 is not large enough to hold all 
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working data. The secondary storage 2404 may be used to 
store programs that are loaded into the RAM 2408 when such 
programs are selected for execution. The ROM 2406 is used 
to store instructions and perhaps data that are read during 
program execution. The ROM 2406 is a non-volatile memory 
device that typically has a small memory capacity relative to 
the larger memory capacity of the secondary storage 2404. 
The RAM 2408 is used to store volatile data and perhaps to 
store instructions. Access to both the ROM 2406 and the 
RAM 2408 is typically faster than to the secondary storage 
2404. 

0207. The transmitter/receiver 24.12 may serve as an out 
put and/or input device of the computer system 2400. For 
example, if the transmitter/receiver 2412 is acting as a trans 
mitter, it may transmit data out of the computer system 2400. 
If the transmitter/receiver 2412 is acting as a receiver, it may 
receive data into the computer system 2400. Further, the 
transmitter/receiver 24.12 may include one or more optical 
transmitters, one or more optical receivers, one or more elec 
trical transmitters, and/or one or more electrical receivers. 
The transmitter/receiver 24.12 may take the form of modems, 
modem banks, Ethernet cards, universal serial bus (USB) 
interface cards, serial interfaces, token ring cards, fiber dis 
tributed data interface (FDDI) cards, and/or other well 
known network devices. The transmitter/receiver 24.12 may 
enable the processor 2402 to communicate with an Internet or 
one or more intranets. The I/O devices 2410 may be optional 
or may be detachable from the rest of the computer system 
2400. The I/O devices 2410 may include a display, such as a 
liquid crystal display (LCD), a light emitting diode (LED) 
display, or any other suitable type of display. The I/O devices 
2410 may also include one or more keyboards, mice, or track 
balls, or other well-known input devices. 
0208. It is understood that by programming and/or loading 
executable instructions onto the computer system 2400, at 
least one of the processor 2402, the secondary storage 2404, 
the RAM 2408, and the ROM 2406 are changed, transforming 
the computer system 2400 in part into a particular machine or 
apparatus (e.g. a transmission or receiving system having the 
functionality taught by the present disclosure). The execut 
able instructions may be stored on the secondary storage 
2404, the ROM 2406, and/or the RAM 2408 and loaded into 
the processor 2402 for execution. It is fundamental to the 
electrical engineering and software engineering arts that 
functionality that can be implemented by loading executable 
Software into a computer can be converted to a hardware 
implementation by well-known design rules. Decisions 
between implementing a concept in Software versus hardware 
typically hinge on considerations of stability of the design 
and numbers of units to be produced rather than any issues 
involved in translating from the software domain to the hard 
ware domain. Generally, a design that is still Subject to fre 
quent change may be preferred to be implemented in Soft 
ware, because re-spinning a hardware implementation is 
more expensive than re-spinning a Software design. Gener 
ally, a design that is stable that will be produced in large 
volume may be preferred to be implemented in hardware, for 
example in an ASIC, because for large production runs the 
hardware implementation may be less expensive than the 
Software implementation. Often a design may be developed 
and tested in a software form and later transformed, by well 
known design rules, to an equivalent hardware implementa 
tion in an application specific integrated circuit that hardwires 
the instructions of the Software. In the same manner, as a 
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machine controlled by a new ASIC is a particular machine or 
apparatus, likewise a computer that has been programmed 
and/or loaded with executable instructions may be viewed as 
a particular machine or apparatus. 
0209 Any processing of the present disclosure may be 
implemented by causing a processor (e.g., a general purpose 
multi-core processor) to execute a computer program. In this 
case, a computer program product can be provided to a com 
puter or a network device using any type of non-transitory 
computer readable media. The computer program product 
may be stored in a non-transitory computer readable medium 
in the computer or the network device. Non-transitory com 
puter readable media include any type of tangible storage 
media. Examples of non-transitory computer readable media 
include magnetic storage media (Such as floppy disks, mag 
netic tapes, hard disk drives, etc.), optical magnetic storage 
media (e.g. magneto-optical disks), compact disc read only 
memory (CD-ROM), compact disc recordable (CD-R), com 
pact disc rewritable (CD-R/W), digital versatile disc (DVD), 
Blu-ray (registered trademark) disc (BD), and semiconductor 
memories (such as mask ROM, programmable ROM 
(PROM), erasable PROM), flash ROM, and RAM). The com 
puter program product may also be provided to a computer or 
a network device using any type of transitory computer read 
able media. Examples of transitory computer readable media 
include electric signals, optical signals, and electromagnetic 
waves. Transitory computer readable media can provide the 
program to a computer via a wired communication line (e.g. 
electric wires, and optical fibers) or a wireless communica 
tion line. 

0210. At least one embodiment is disclosed and variations, 
combinations, and/or modifications of the embodiment(s) 
and/or features of the embodiment(s) made by a person hav 
ing ordinary skill in the art are within the scope of the disclo 
Sure. Alternative embodiments that result from combining, 
integrating, and/or omitting features of the embodiment(s) 
are also within the scope of the disclosure. Where numerical 
ranges or limitations are expressly stated. Such express ranges 
or limitations may be understood to include iterative ranges or 
limitations of like magnitude falling within the expressly 
stated ranges or limitations (e.g., from about 1 to about 10 
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 
0.13, etc.). For example, whenever a numerical range with a 
lower limit, R, and an upper limit, R., is disclosed, any 
number falling within the range is specifically disclosed. In 
particular, the following numbers within the range are spe 
cifically disclosed: R=R+k*(R-R), wherein k is a variable 
ranging from 1 percent to 100 percent with a 1 percent incre 
ment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 
percent, . . . , 50 percent, 51 percent, 52 percent, . . . , 95 
percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 
percent. Moreover, any numerical range defined by two R 
numbers as defined in the above is also specifically disclosed. 
The use of the term “about’ means--/-10% of the subsequent 
number, unless otherwise stated. Use of the term “optionally 
with respect to any element of a claim means that the element 
is required, or alternatively, the element is not required, both 
alternatives being within the scope of the claim. Use of 
broader terms such as comprises, includes, and having may be 
understood to provide Support for narrower terms such as 
consisting of consisting essentially of, and comprised Sub 
stantially of Accordingly, the scope of protection is not lim 
ited by the description set out above but is defined by the 
claims that follow, that scope including all equivalents of the 
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Subject matter of the claims. Each and every claim is incor 
porated as further disclosure into the specification and the 
claims are embodiment(s) of the present disclosure. The dis 
cussion of a reference in the disclosure is not an admission 
that it is prior art, especially any reference that has a publica 
tion date after the priority date of this application. The dis 
closure of all patents, patent applications, and publications 
cited in the disclosure are hereby incorporated by reference, 
to the extent that they provide exemplary, procedural, or other 
details supplementary to the disclosure. 
0211 While several embodiments have been provided in 
the present disclosure, it may be understood that the disclosed 
systems and methods might be embodied in many other spe 
cific forms without departing from the spirit or scope of the 
present disclosure. The present examples are to be considered 
as illustrative and not restrictive, and the intention is not to be 
limited to the details given herein. For example, the various 
elements or components may be combined or integrated in 
another system or certain features may be omitted, or not 
implemented. 
0212. In addition, techniques, systems, Subsystems, and 
methods described and illustrated in the various embodi 
ments as discrete or separate may be combined or integrated 
with other systems, modules, techniques, or methods without 
departing from the scope of the present disclosure. Other 
items shown or discussed as coupled or directly coupled or 
communicating with each other may be indirectly coupled or 
communicating through some interface, device, or interme 
diate component whether electrically, mechanically, or oth 
erwise. Other examples of changes, Substitutions, and alter 
ations are ascertainable by one skilled in the art and may be 
made without departing from the spirit and scope disclosed 
herein. 
We claim: 
1. An apparatus comprising: 
a memory; and 
a processor coupled to the memory and configured to: 

receive holding instructions for an aircraft, wherein the 
holding instructions comprise a holding fix, a holding 
direction, and an inbound leg course; 

obtain an airspeed for the aircraft; 
obtain a wind speed and a wind direction affecting the 

aircraft; 
calculate a holding pattern for the aircraft using the 

holding instructions, the wind speed, the wind direc 
tion, an inbound leg duration, and the airspeed; 

obtain Federal Aviation Administration (FAA) protected 
airspace limits associated with the holding fix; and 

present the holding pattern and the FAA protected air 
space limits to a flight crew member on the aircraft. 

2. The apparatus of claim 1, wherein the processor is fur 
ther configured to: 

determine whether the holding pattern is within the FAA 
protected airspace limits; and 

notify the flight crew member to take corrective action 
based upon at least part of the holding pattern not being 
within the FAA protected airspace limits. 

3. The apparatus of claim 1, wherein the processor is fur 
ther configured to present the holding pattern and the FAA 
protected airspace limits to the flight crew member prior to 
the aircraft arriving at the holding fix. 

4. The apparatus of claim 1, wherein the memory and 
processor are part of a flight management system (FMS), and 
wherein the apparatus further comprises an airframe attached 
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to the FMS, at least one engine attached to the airframe, and 
an avionics system attached to the airframe and the FMS. 

5. The apparatus of claim 1, wherein the processor is fur 
ther configured to: 

receive one or more updated parameters that affect the 
holding pattern, wherein the updated parameters com 
prise a change in the airspeed, a change in the holding 
instructions, a change in wind speed, a change in wind 
direction, or combinations thereof, and 

recalculate the holding pattern for the aircraft using the 
updated parameters, 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the updated parameters. 

6. The apparatus of claim 1, wherein the processor is fur 
ther configured to: 

determine whether the holding pattern is within the FAA 
protected airspace limits; and 

determine whether a different airspeed will keep the hold 
ing pattern within the FAA protected airspace limits 
when at least part of the calculated holding pattern is not 
within the FAA protected airspace limits. 

7. The apparatus of claim 6, wherein the processor is fur 
ther configured to: 

recalculate the holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direction, 
the inbound leg duration, and the different airspeed 
when the different airspeed will keep the holding pattern 
within the FAA protected airspace limits; and 

instruct the flight crew to change the airspeed to the differ 
ent airspeed, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

8. The apparatus of claim 6, wherein the processor is fur 
ther configured to: 

recalculate the holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direction, 
the inbound leg duration, and the different airspeed 
when the different airspeed will keep the holding pattern 
within the FAA protected airspace limits; and 

instruct the aircraft to change the airspeed to the different 
airspeed, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

9. The apparatus of claim 6, wherein the different airspeed 
is between a minimum hold speed for the aircraft and a 
maximum hold speed for the aircraft, and wherein the pro 
cessor is further configured to: 

change the holding pattern from a racetrack-style holding 
pattern to a figure-eight holding pattern when the differ 
ent airspeed will not keep the holding pattern within the 
FAA protected airspace limits; and 

calculate the figure-eight holding pattern for the aircraft 
using the holding instructions, the wind speed, the wind 
direction, and the inbound leg duration, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

10. The apparatus of claim 1, wherein the holding pattern 
comprises an inbound leg, an outbound turn, an outbound leg, 
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and an inbound turn, and wherein the processor, in being 
configured to calculate the holding pattern for the aircraft, is 
configured to: 

calculate an inbound leg starting point using the inbound 
leg course, the inbound leg duration, and the airspeed; 

calculate a curved path trajectory for the aircraft using the 
airspeed, the wind speed, the wind direction, and a rate 
of-turn for the aircraft, wherein the curved path trajec 
tory is a path the aircraft will fly when the aircraft turns 
at the rate-of-turn and at the airspeed when the aircraft is 
subjected to the wind speed and the wind direction, and 
wherein the curved path trajectory comprises an out 
bound turn portion and an inbound turn portion; 

orient at least part of the outbound turn portion on the 
holding fix at the holding fix such that the inbound leg 
course is tangent to the outbound turn portion at the 
holding fix; 

orient at least part of the inbound turn portion on the 
inbound leg starting point Such that the inbound leg 
course is tangent to the inbound turn portion at the hold 
ing fix; and 

determine the outbound leg for the holding pattern, 
wherein the outbound leg is a line that is tangent to both 
the outbound turn portion and the inbound turn portion 
and is not coincident with the inbound leg. 

11. The apparatus of claim 1, wherein the processor is 
further configured to provide instructions to an autopilot or 
flight director to fly the aircraft in the holding pattern. 

12. A computer program product comprising computer 
executable instructions stored on a non-transitory computer 
readable medium that when executed by a processor causes a 
flight management system (FMS) to perform the following: 

receive holding instructions for an aircraft, wherein the 
holding instructions comprise a holding fix, a holding 
direction, and an inbound leg course; 

obtain an airspeed for the aircraft; 
obtain a wind speed and a wind direction; 
calculate a holding pattern for the aircraft using the holding 

instructions, the wind speed, the wind direction, an 
inbound leg duration, and the airspeed; 

obtain protected airspace limits associated with the holding 
fix; 

determine whether the holding pattern is within the pro 
tected airspace limits; and 

notify a flight crew member the determination indicating 
whether the holding pattern is within the protected air 
space limits. 

13. The computer program product of claim 12, wherein 
the holding pattern comprises an inbound leg, an outbound 
turn, an outbound leg, and an inbound turn, and wherein the 
instructions, when executed by the processor, further cause 
the FMS to: 

calculate an inbound leg starting point using the inbound 
leg course, the inbound leg duration, and the airspeed; 

calculate a curved path trajectory for the aircraft using the 
airspeed, the wind speed, the wind direction, and a rate 
of-turn for the aircraft, wherein the curved path trajec 
tory is a path the aircraft will fly when the aircraft turns 
at the rate-of-turn and at the airspeed when the aircraft is 
subjected to the wind speed and the wind direction, and 
wherein the curved path trajectory comprises an out 
bound turn portion and an inbound turn portion; 

calculate an outbound turn portion of a curved path trajec 
tory for the aircraft using the airspeed for the aircraft, the 
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wind speed, the wind direction, and a rate-of-turn for the 
aircraft, wherein the curved path trajectory is a path the 
aircraft will fly when the aircraft turns at the rate-of-turn 
and at the airspeed when the aircraft is subjected to the 
wind speed and the wind direction, and wherein the 
outbound turn portion intersects the holding fix such that 
the inbound leg course is tangent to the outbound turn 
portion at the holding fix; 

calculate an inbound turn portion of a curved path trajec 
tory for the aircraft using the airspeed for the aircraft, the 
wind speed, the wind direction, and a rate-of-turn for the 
aircraft, wherein the inbound turn portion does not inter 
sect the outbound turn portion, and wherein the inbound 
turn portion intersects the inbound leg starting point 
Such that the inbound leg course is tangent to the 
inbound turn portion at the inbound leg starting point; 
and 

determine the outbound leg for the holding pattern, 
wherein the outbound leg is a line that is tangent to both 
the outbound turn portion and the inbound turn portion 
and is not the same as the inbound leg. 

14. The computer program product of claim 13, wherein 
the instructions, when executed by the processor, further 
cause the FMS to: 

receive one or more updated parameters that affect the 
holding pattern, wherein the updated parameters com 
prise a change in the airspeed, a change in the holding 
instructions, a change in wind speed, a change in wind 
direction, or combinations thereof, and 

recalculate the holding pattern for the aircraft using the 
updated parameters, 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the updated parameters. 

15. The computer program product of claim 13, wherein 
the instructions, when executed by the processor, further 
cause the FMS to: 

determine whether the holding pattern is within the pro 
tected airspace limits; and 

determine whether a different airspeed will keep the hold 
ing pattern within the protected airspace limits when at 
least part of the calculated holding pattern is not within 
the protected airspace limits. 

16. The computer program product of claim 15, wherein 
the instructions, when executed by the processor, further 
cause the FMS to: 

recalculate the holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direction, 
the inbound leg duration, and the different airspeed 
when the different airspeed will keep the holding pattern 
within the protected airspace limits; and 

instruct the flight crew to change the airspeed to the differ 
ent airspeed, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

17. The computer program product of claim 15, wherein 
the instructions, when executed by the processor, further 
cause the FMS to: 

recalculate the holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direction, 
the inbound leg duration, and the different airspeed 
when the different airspeed will keep the holding pattern 
within the protected airspace limits; and 
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instruct the aircraft to change the airspeed to the different 
airspeed, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

18. The computer program product of claim 15, wherein 
the different airspeed is between a minimum hold speed for 
the aircraft and a maximum hold speed for the aircraft, and 
wherein the instructions, when executed by the processor, 
further cause the FMS to: 

change the holding pattern from a racetrack-style holding 
pattern to a figure-eight holding pattern when the differ 
ent airspeed will not keep the holding pattern within the 
protected airspace limits; and 

calculate the figure-eight holding pattern for the aircraft 
using the holding instructions, the wind speed, the wind 
direction, and the inbound leg duration, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

19. The computer program product of claim 13, wherein 
the instructions, when executed by the processor, further 
cause the FMS to: 

present the holding pattern and the protected airspace lim 
its to a flight crew member on the aircraft using the 
avionics; and 

notify the flight crew member to take corrective action 
when at least part of the holding pattern is not within the 
protected airspace limits. 

20. The computer program product of claim 13, wherein 
the instructions, when executed by the processor, further 
cause the FMS to provide instructions to an autopilot or flight 
director to fly the aircraft in the holding pattern. 

21. An aircraft, comprising: 
an airframe; 
at least one engine attached to the airframe; 
an avionics system attached to the airframe; and 
a flight management system (FMS) attached to the air 

frame and in communication with the avionics system, 
wherein the FMS: 

receives holding instructions for an aircraft, wherein the 
holding instructions comprise a holding fix, a holding 
direction, and an inbound leg course; 

obtains an airspeed for the aircraft from the avionics 
system; 

obtains a wind speed and a wind direction affecting the 
aircraft; 

calculates a holding pattern for the aircraft using the 
holding instructions, the wind speed, the wind direc 
tion, an inbound leg duration, and the airspeed; 

obtains Federal Aviation Administration (FAA) pro 
tected airspace limits associated with the holding fix; 
and 

displays the holding pattern and the FAA protected air 
space limits to a flight crew member on the aircraft 
through either the FMS or the avionics system. 

22. The aircraft of claim 21, wherein the FMS further: 
determines whether the holding pattern is within the FAA 

protected airspace limits; and 
notifies the flight crew member to take corrective action 
when at least part of the holding pattern is not within the 
FAA protected airspace limits. 
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23. The aircraft of claim 21, wherein the FMS further 
presents the holding pattern and the FAA protected airspace 
limits to the flight crew member prior to the aircraft arriving 
at the holding fix. 

24. The aircraft of claim 21, wherein the FMS further 
provides instructions to an autopilot or flight director to fly the 
aircraft in the holding pattern. 

25. The aircraft of claim 21, wherein the FMS further: 
receives an updated parameter that affects the holding pat 

tern, wherein the updated parameter comprises a change 
in the airspeed, a change in the holding instructions, a 
change in wind speed, a change in wind direction, or 
combinations thereof, and 

recalculates the holding pattern for the aircraft using the 
updated parameter, 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the updated parameter. 

26. The aircraft of claim 21, wherein the FMS further: 
determines whether the holding pattern is within the FAA 

protected airspace limits; and 
determines whether a different airspeed will keep the hold 

ing pattern within the FAA protected airspace limits 
when at least part of the calculated holding pattern is not 
within the FAA protected airspace limits. 

27. The aircraft of claim 26, wherein the FMS further: 
recalculates the holding pattern for the aircraft using the 

holding instructions, the wind speed, the wind direction, 
the inbound leg duration, and the different airspeed 
when the different airspeed will keep the holding pattern 
within the FAA protected airspace limits; and 

instructs the flight crew to change the airspeed to the dif 
ferent airspeed, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

28. The aircraft of claim 26, wherein the FMS further: 
recalculates the holding pattern for the aircraft using the 

holding instructions, the wind speed, the wind direction, 
the inbound leg duration, and the different airspeed 
when the different airspeed will keep the holding pattern 
within the FAA protected airspace limits; and 

instructs the aircraft to change the airspeed to the different 
airspeed, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 
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29. The aircraft of claim 26, wherein the different airspeed 
is between a minimum hold speed for the aircraft and a 
maximum hold speed for the aircraft, and wherein the FMS 
further: 

changes the holding pattern from a racetrack-style holding 
pattern to a figure-eight holding pattern when the differ 
ent airspeed will not keep the holding pattern within the 
FAA protected airspace limits; and 

calculates the figure-eight holding pattern for the aircraft 
using the holding instructions, the wind speed, the wind 
direction, and the inbound leg duration, and 

wherein the holding pattern presented to the flight crew 
member comprises the holding pattern that is recalcu 
lated using the different airspeed. 

30. The aircraft of claim 21, wherein the holding pattern 
comprises an inbound leg, an outbound turn, an outbound leg, 
and an inbound turn, and wherein the FMS, in being config 
ured to calculate the holding pattern for the aircraft, is con 
figured to: 

calculates an inbound leg starting point using the inbound 
leg course, the inbound leg duration, and the airspeed; 

calculates an outbound turn portion of a curved path tra 
jectory for the aircraft using the airspeed for the aircraft, 
the wind speed, the wind direction, and a rate-of-turn for 
the aircraft, wherein the curved path trajectory is a path 
the aircraft will fly when the aircraft turns at the rate-of 
turn and at the airspeed when the aircraft is subjected to 
the wind speed and the wind direction, and wherein the 
outbound turnportion intersects the holding fix such that 
the inbound course is tangent to the outbound turn por 
tion at the holding fix; 

calculates an inbound turn portion of a curved path trajec 
tory for the aircraft using the airspeed for the aircraft, the 
wind speed, the wind direction, and a rate-of-turn for the 
aircraft, wherein the inbound turn portion does not inter 
sect the outbound turn portion, and wherein the inbound 
turn portion intersects the inbound leg starting point 
Such that the inbound leg course is tangent to the 
inbound turn portion at the inbound leg starting point; 
and 

determines the outbound leg for the holding pattern, 
wherein the outbound leg is a line that is tangent to both 
the outbound turn portion and the inbound turn portion 
and is not the same as the inbound leg. 
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